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National Marine Fisheries Service
Northeast Fisheries Science Center
Sandy Hook Laboratory
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ABSTRACT

The benthic macrofauna of the New York Bight has been monitored extensively, pri-
marily to determine trends over space and time in biological effects of waste inputs. In
the present study, from 44 to 48 stations were sampled each summer from 1980-1985.
Data from other Bight benthic studies are included to- extend the temporal coverage
from 1979 to 1989. Numbers of species and amphipods per sample, taken as relatively
sensitive indicators of environmental stress, showed consistent spatial patterns. Lowest
values were found in the Christiaensen Basin and other inshore areas, and numbers
increased toward the outermost shelf and Hudson Shelf Valley stations. There were
statistically significant decreases in species and amphipods at most stations from 1980 to
1985. (Preliminary data from a more recent study suggest numbers of species increased
again between 1986 and 1989.) Cluster analysis of 1980-85 data indicated several distinct
assemblages—sewage sludge dumpsite, sludge accumulation area, inner Shelf Valley,
outer Shelf Valley, outer shelf—with little change over time. The “enriched” and “highly
altered” assemblages in the Busin appear similar to those reported since sampling began
there in 1968. No consistently defaunated areas have been found in any sampling pro-
grams over the past 20 years. On a gross level, therefore, recent faunal responses to any
environmental changes are not evident, but the more sensitive measures used, i.e. num-
bers of species and amphipods, do indicate widespread recent effects. Causes of the
faunal changes are not obvious; some possibilities, including increasing effects of sewage

sludge or other waste inputs, natural factors, and sampling artifacts, are discussed.

Introduction

The “apex” (northwest corner) of the New York Bight
(Figs. 1, 2) has long received large organic carbon
and toxicant inputs from the Hudson-Raritan estuary
(since the 1800s) and from dumping of dredged ma-
terial (since 1914) and sewage sludge (1924), with
smaller inputs from several other sources (Mueller et
al. 1976; New York City Department of Environmental
Protection 1983; Stanford and Young 1988). Fates
and biological effects of the introduced contaminants
have been studied extensively; see Gross (1976) and
Mayer (1982) for symposia reviewing Bight studies.
Among the objectives have been to determine overall
contaminant influences, to partition influences
among the various sources, and to detect changes
over time in fates and effects.

This report concentrates on benthic macrofauna as
indicators of environmentai change in the Bight

Benthic macrofauna (hereafter called “benthos,”
meaning the bottom-living invertebrates collected in
“grab” samples and retained on sieves of 0.5-1.0 mm
mesh size) are often used in this context. Their rela-
tive immobility and intimate association with contami-
nant-accumulating sediments make them among the
best biological indicators of effects of contaminants
and of environmental change in general (Kuiper
1986; Jackson and Resh 1989). The benthos is also
monitored to assess actual or potential importance of
an area as a food and contaminant source for bottom-
feeding resource species. Some discussion of the
Bight benthos in these contexts is given elsewhere
(e.g., Boesch 1982; Steimle 1985).

There have been at least 17 major sediment-
benthos sampling efforts in the Bight, beginning in
1966 (see Reid and Steimle [1988] for a summary of
existing surveys). The largest was NOAA’s Marine
Ecosystems Analysis (MESA)-New York Bight
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Project, with sampling from 1973-1976. One of the
products of the MESA program was a recommenda-
tion for continued monitoring of several compo-
nents of the Bight’s ecosystem, including sediments
and benthos. The monitoring plan proposed was de-
scribed in Reid et al. (1982). The sediment-benthos
portion of the plan was modified somewhat (see
Methods), and annual sampling was conducted
from 1980 through 1985.

This report presents data collected on macro-
benthic species richness, numbers and biomass of
dominant species, numbers of amphipods, and simi-
larities of community structure over space and time.
Raw data are available on request. The report also
includes relevant data from NOAA’s Northeast Moni-
toring Program (NEMP) (Reid et al. 1987), and ini-
tial data from a 1986-89 study of responses of the
benthos to the phaseout of sewage sludge dumping in
the Bight apex (Environmental Processes Division,
Northeast Fisheries Center 1988, 1991). Data from
this report provide baselines against which responses
to phaseout can be measured. These data may also be
useful in guiding future decisions such as where to
relocate the present dredged material dumpsite and
where and how to mine sand to minimize impacts on
benthos (and potentially on resource species which
interact with benthos).

Methods

The basic monitoring scheme involved sampling 44 to
48 stations (Figs. 1, 2) each summer from 1980
through 1985. The annual samplings were conducted
on 28 July—5 August 1980, 10-19 August 1981, 9-15
September 1982, 19-21 July and 22 August—7 Sep-
tember 1983, 21-31 August 1984, and 30 September-
5 October 1985 (Table 1).

Six of the stations (4, 6, 7, 15, 26, and 31) were also
part of the NEMP benthic program. These stations
were sampled semiannually beginning in December
1979, and resulting data are included to extend the
study’s temporal coverage. For the same reason, pre-
liminary data from a more recent study of benthic
responses to the phaseout of sewage sludge disposal
in the inner Bight are also presented. Stations 6 and
11 of the annual monitoring surveys were used as the
“sludge accumulation” and “reference” stations, re-
spectively, for the phaseout study. July, August, and
September 1986-1989 samplings at these stations are
also included to extend the report’s temporal cover-
age (only data on numbers of species and of Capitella
spp. for 1988, and preliminary data on species num-

bers for 1989, are available) (Environmental Pro-
cesses Division, 1991).

In the annual monitoring survey, one sample per
station was taken in 1980 and 1981, and two samples
in 1982-85. The NEMP program took five samples
per station, and the phaseout study, three samples.
Table 1 gives dates on which individual stations were
sampled, as well as numbers of samples analyzed, sta-
tion locations and depths, and sediment grain sizes,
carbon and nitrogen contents.

Loran C, with a nominal accuracy of =50 m
(Holme and Mclntyre 1984), was used to locate sta-
tions. Samples were taken with a 0.1-m? Smith-
Mclntyre grab. Plastic tubes of 2.7-cm inner diameter
were used to take one subsample from each grab
for analysis of sediment grain size, organic carbon
and nitrogen, and one subsample for heavy metals.
The remainder of each grab was rinsed through a
0.5-mm sieve. Retained materials were fixed immedi-
ately in 10% buffered formalin with Rose Bengal bio-
logical stain, and were transferred to 70% ethanol
with 5% glycerin one to three days later. After storage
for at least six months, samples were sorted using dis-
secting microscopes. Identifications were to species
level whenever possible, except for rhynchocoels.
Oligochaetes, archiannelids, and colonial forms were
not enumerated owing to uncertainty of iden-
tification and/or difficulty of quantification. Wet
weight biomasses were determined by blot-drying
each taxon on absorbent toweling for 3 minutes and
weighing to the nearest milligram on an electronic
balance.

Spatial contours of numbers of species and amphi-
pods were drawn using Surface II software (Sampson
1978). In an exploratory attempt to describe trends
in numbers of species and amphipods over time, lin-
ear regressions were calculated from the species and
amphipod versus time data. The data are not ideally
suited for linear regression analysis, for several rea-
sons. Changes in the “dependent” variables, numbers
of species and amphipods, are not actually caused by
changes in the “independent” variable, time. There
was no a priori hypothesis except for the implicit one
that numbers of species and amphipods would not
change over the course of the study unless there were
underlying environmental change (the analysis does
not address the processes behind any trends de-
tected). A linear fit to the data may not best represent
the underlying processes, but exploring non-linear
fits may not be justified when those processes are not
postulated a priori. However, the analysis does provide
an objective way of describing and comparing trends.
Time series or trend analysis could not be used



Table 1

Location, depth, mean grain size, carbon and nitrogen, and numbers of benthic samples analyzed for each New York Bight station and survey. The
depth, grain size, carbon and nitrogen data are from summer 1980. TOC = total organic carbon; TKN = total Kjeldahl nitrogen.

Mean
Latitude Longitude Depth Grain Size TOC TKN Months sampled (number of samples)

Station (°N) (°W) (m) (phi units) (mg/g dry wt.) 1979 1980 1981 1982 1983 1984 1985
] 10°26.9°  73°48.1" 27 3.71 9.4 1.1 Jul (D Aug () Sep (20 Jul (2) Aug(2) Oct (2)
2 40°28.2' 73°45.8' 29 3.35 10.1 1.4 Jul (1) Aug (D) Sep (2) Jul (2) Aug(2)  Sep (2)

Aug (2)
3 40°28.0' 73°43.8' 28 3.43 7.1 0.83 Jul (1) Aug (1) Sep (2) Jul (2)  Aug(2) Oct (2)
44 40°25.0' 73°52.0' 22 2.01 3.0 0.26 Dec (5} Jul (4)  Aug (5) Jan (5) Jul (5)  Aug (5) Jun (5)
Dec (5) Sep (5) Oct (2)
5 40°24.9" 73°48.0° 35 +4.19 16.0 19 Aug (1) Aug (1) Sep (2) Jul () Aug(2) Oct (2)
Aug (2)
6ab 40°25.0' 73°46.0" 27 2.73 11.3 0.99 Dec (5) Jul (5)  Aug (5) Jan (5) Jul 3)  Aug (5) Jun (5)
Dec (5) Sep (5) Aug (2) Oct (2)
Nov (5) Nov (5)
79 40°25.0' 73°44.0° 25 1.86 2.4 0.21 Dec (5) Jul (5)  Aug (5) Jan (5) Jul (3)  Aug (5) Jun (5)
Dec (5) Sep (5) Nov (5) Oct (2)
Nov (5)
23 40°21 .8 73°51.6' 24 2.37 340 15 Jul (1) Aug (1) Sep (2) Jul (2)  Aug (2) Oct (2)
Aug (2)

9 40°21.6' 73°47.8' 36 3.49 13.0 1.5 Jul (1) Aug (1) Sep (2) Jul (2)  Aug(2) Oct (2)
10 40°20.2' 73°49.1 61 -0.24 1.6 0.17 Jul (1) Aug (D) Sep (2) Jul (2)  Aug(2) Oct (2)
1t 40°19.1° 73°45.8' 31 33 5.1 0.71 Jul 1) Aug (1) Sep (2) Jul (2)  Aug (2) Oct (2)
12 40°12.8' 73°44.0' 38 3.29 55 0.70 Jul (1) Aug (1) Sep (2) Jul (2)  Aug (2) Oct (2)
13 40°09.8' 73°41.9' 56 4.25 11.0 1.8 Jul (1) Aug (1) Sep (2) Jul (2)  Aug (2) Oct (2)
14 40°47.3' 72°59.0° 74 2.01 1.9 0.73 Aug (1) Aug (D) Sep (2) Sep (2) Aug(2) Oct (2)
154 40°01.4 73°25.6' 62 3.31 8.4 1.0 Dec (5) Aug (5)  Aug (5) Jan (5) Aug (5) Jun (5)

Dec (5) Aug (5) Oct (2)

16 40°07.6' 73°36.8" 71 4.68 15.0 2.2 Aug (1) Aug (D Sep (2) Jul 2y Aug (2) Oct (2)
Sep (2)

17 40°05.4' 73°31.3' 73 3.62 11.0 1.5 Aug (1)  Aug (1) Sep (2) Jul (2)  Aug(2) Oct (2)
Sep (2)

18 40°25.0' 73°53.8" 24 2.2 14.0 1.1 Jul (1) Aug (1) Sep (2) Jul (2)  Aug (2) Oct (2)

19 40°16.0° 73°57.8' 14 1.76 0.86 0.15 Jul (1) Aug (D Sep (2) Jul (2)  Aug(2) Oct (2)

20 40°27.9' 73°56.0" 12 1.96 0.95 0.17 Jul (1) Aug (D) Sep (2) Jul (2)  Aug(2) Sep (2)

21 40°31.1" 73°45.9' 21 3.15 12.0 1.5 Jul (1) Aug (1) Sep (2) Jul (2)  Aug (2) Sep (2)

22 40°25.0" 73°39.8' 24 3.07 2.4 0.36 Jul (1) Aug (1) Sep (2) Aug (2)  Aug (2) Oc (2)

23 39°29.9" 74°10.1" 16 1.0] 0.46 0.09 Aug (1)  Aug (1) Sep (2) Sep (2)  Aug(2) Oct (2)

24 39°55.0" 73°55.8' 18 —0.52 1.8 0.12 Aug (1)  Aug (1) Sep (2) Jul (2)  Aug(2) Oct (2)
Sep (2)

25 40°01.9' 73°55.1" 19 0.26 0.49 0.08 Aug (1)  Aug (1) Sep (2) Jul (2)  Aug(2) Oct (2)
Sep (2)

264 39°35.8" 73°54.2' 28 1.29 1.08 0.08 Dec (5) Aug (5)  Aug (5) Jan (5) Jun (5)  Aug (2}  Jun (5)

Dec (5) Sep (5) Oct (2)

68-6L61 WYTIg 0K MIN Y} JO BUNEJOLEI JIIuIy :'[E 12 PRY

3



Table 1 (continued)

Mean
Latitude Longitude Depth Grain Size TOC TKN Months sampled (number of samples)

Station (°N) (°W) (m) (phi units) (mg/g drywt.) 1979 1980 1981 1982 1983 1984 1985
27 39°44.7' 73°44.9' 26 1.21 0.58 0.10 Aug (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
28 39°25.5 73°30.6' 40 2.27 0.82 0.13 Aug (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
29 40°11.3 73°15.9' 38 1.09 0.63 0.13 Jul () Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
30 40°14.8' 73°25.1" 34 1.83 0.81 0.16 Jul (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
314 40°25.6 73°11.1 30 1.43 0.71 0.11 Dec (4) Jul (5) Aug (5) Jan (5) Jun (5) Aug (5) Jun (5)

Dec (5) Aug (5) Oct (2)
32 40°24.2' 72°58.3' 38 1.19 0.51 0.14 Jul (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
33 40°34.1" 72°37.8' 40 2.37 1.3 0.29 Jul (1) Aug (1) Sep (2) Sep (2) Aug (2) Sep (2)
34 40°258'  72°19.8' 54 177 3.4 0.46 Jul (1)  Aug(l)  Sep (2)  Sep (2) Aug(?) Oct(2)
35 40°30.2°  79°13.3' 55 2.34 3.9 0.69 Jul (1) Aug(l)  Sep (20  Jul (2) Aug(2)  Oct(2)

Sep (2)

36 40°08.1° 72°51.6' 56 1.19 0.81 0.15 Aug (1) Aug (1) Sep (2) Sep (2)  Aug (2) Oct (2)
37 40°04.9' 72°50.2' 54 1.41 1.0 0.17 Aug (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
38 40°10.7 72°40.3' 56 1.05 1.1 0.70 Aug (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
39 40°14.3 73°02.0" 42 1.42 0.79 0.12 Jul (1) Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)
40 40°24.9°  73°49.7' 29 3.35 12.0 1.5 Jul (5  Aug(d)  Sep (2) Jul (2) Aug(2)  Oct(2)
41 40°25.0°  73°56.8' 21 1.25 0.3 0.0 Jul (5) Aug(d)  Sep (20 Jul (2) Aug(®  Oct(2)
42 40°21.2 73°56.6' 13 1.98 34 0.36 Aug (5) Aug (5) Sep (2) Jul (2) Aug (2) Oct (2)
43 40°180°  78°53.7 20 -0.19 L1 0.12 Jul (5) Aug(5)  Sep (20 Jul (2) Aug(2)  Oct(2)
44 40°13.0'  73°57.8' 19 -0.2 26 0.17 Jul (5) Aug(5)  Sep (2) Jul (2) Aug(2) Oc (2
63 40°395'  73°00.0° 12 1.04 0.8 002 Aug (1)  Sep (2)  Sep (2) Aug(2)  Sep (2)
64 40°355°  73°22.0° 1" 2.98 0.5 0.02 Aug (1) Sep (2)  Jul (2) Aug(2)  Sep (2
65 40°332' 73°37.5' 11 —0.61 09 0.03 Aug (1) Sep (2) Jut (2 Aug (2) Sep (2)
158 39°46.2' 73°08.2' 48 0.86 1.3 0.03 Aug (1) Sep (2) Sep (2) Aug (2) Oct (2)

Northeast Monitoring Program (NEMP) stations.
bAlso three samples in [uly, August, and September 1986 and 1987.
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because these require more data points, regularly
spaced over time.

Q-mode cluster analysis (clustering stations accord-
ing to abundances of species they have in common)
was performed using all samples from the summers of
1980-85 to analyze trends in species composition
over space and time. Where multiple samples were
taken at a station and date, data were averaged. All
data were transformed by natural logarithms (in+1)
before clustering. To facilitate computation, all spe-
cies occurring at <10% of the station/date combina-
tions were eliminated. The Bray-Curtis (1957) coeffi-
cient, Cz = 2w/(a+b), was used to measure percent
faunal similarities between stations. Here “a” is the
sum of abundances of all species found in a given
sample, “b” is the sum of species abundances for an-
other sample, and “w” is the sum of the lower of the
abundance values for each species common to both
samples. Clustering was performed using flexible
sorting with B (the cluster intensity coefficient)
= —0.25.

The Bight was divided into subareas based on geo-
graphical and depth considerations (Fig. 1) for analy-
sis and presentation of results. The bathymetric de-
pression at the head of Hudson Shelf Valley (HSV) is
termed the Christiaensen Basin (CB) (Fig. 2). The
Basin is actually part of the Shelf Valley (Freeland and
Swift 1978}, but for this study is arbitrarily defined as
that portion north of lat. 40°20'N and in water
deeper than 27.4 m (90 feet). The shelf was divided
into New Jersey (N]) and Long Island (LI) sections by
a line from the northwest edge of the Basin to the
middle of the Hudson-Raritan estuary’s mouth. Shelf
stations were further separated into “inshore” (I: <30
m depth) and “offshore” (O: 230 m).

Results and Discussion

Taxa Collected

A total of 699 taxa were collected. Polychaetes were
the category with the most taxa (46% of the total),
followed by crustaceans (24%), bivalves (11%), gas-
tropods (9%), echinoderms (4%), coelenterates
(2%), and miscellaneous taxa (4%). The species list is
available on request.

Numbers of Species

Number of species (8) per sample is a relatively clear
indicator of environmental stress (Green 1977;
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Chapman et al. 1987). Within a habitat (e.g. shallow
and sandy; deep and muddy), S is generally lower in
areas of natural or man-made stresses, whereas vari-
ables such as faunal density and diversity respond less
predictably and are more likely to increase under
moderate stress.

Spatial Trends in Numbers of Species

There were clear spatial trends in S. Figure 3 shows
contours of S values for the most recent (1985) over-
all survey. The lowest S by far (x = 5 species/0.1 m?)
occurred at station 6, in the sludge accumulation
area. Next lowest S values were found at stations 7
(the sludge dumpsite itself), 64 (7 km SW of Fire
Island Inlet, Long Island), and 26 (26 km E of central
New Jersey) (Fig. 1). Most remaining Christiaensen
Basin stations and inshore (=30 m) stations along
both coasts had between 20 and 30 species per 0.1 m?.

Most offshore (=30 m) shelf stations had values
>30. There were trends toward increasing S with
depth as well as toward the east. Numbers of species
also increased with depth and distance from the Ba-
sin in the Hudson Shelf Valley.

Spatial trends in § were consistent among years. In
1980 (Fig. 4) as in 1985, the sludge accumulation
area had the lowest value (15/0.1 m?), followed by
Christiaensen Basin and inshore stations. Values
again increased fairly regularly from inshore to off-
shore and west 10 east on the shelf, and with depth in
the Shelf Valley.

Temporal Trends in Numbers of Species

In contrast to the consistency of spatial trends in S,
actual values of S tended to decrease over time at
many stations. Whereas much of the inshore and Ba-
sin area had S values between 30 and 40 in 1980,
almost all that area had 20-30 species/0.1 m? in 1985.
Several offshore and Shelf Valley stations had 70-80+
species in 1980, but no station had more than 63 spe-
cies in 1985.

As noted in the between-year comparison of § con-
tours, there were tendencies toward decreasing § over
time at most stations. Data for each of the six NEMP
stations, for which the most data are available, are
shown in Figure 5. Linear regression analysis of the
species versus time data for all stations indicated non-
significant (P> 0.05) increases in § at only six of the
48 stations (Table 2). Conversely, six of the 42 de-
creases were significant (P=<0.05): at stations 2, 3,
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Table 2
Signs and significance levels of linear regression slopes fitted for numbers of species and amphipods over time (— =
decreasing, + = increasing; NS = not significant at 0.05 level). All stations combined: decreasing trends in numbers of
species (significant at P=0.0007) and amphipods (P = 0.0004).

Species Amphipods
Significance Significance
Station Slope Level Slope Levei
New Jersey Inshore
4 - NS + NS
8 - NS - NS
18 - NS - NS
19 - NS + N§
20 - NS + NS
23 - NS - NS
24 + NS + NS
25 - NS + NS
26 - NS - Ns
27 - NS + NS
41 -- NS - NS
42 - NS - 0.02
43 - NS - NS
44 + NS - NS
New Jersey Offshore
28 - NS - NS
158 - NS -0.002
Hudson Shelf Valley
11 - NS - NS
12 - NS - NS
13 - NS - 0.02
14 - NS - 0.02
15 - 0.0001 - 0.0001
16 + NS - NS
17 - NS - 0.01
Long Island Inshore
2 - 0.024 - 0.02
3 - 0.011 - NS
7 - 0.009 - NS
21 - NS + NS
22 - NS - 0.03
63 + NS - NS
64 - NS + NS
65 + NS + NS
Long Island Offshore
29 - NS - 0.01
30 - NS - NS
31 - NS - NS
32 - NS - 0.006
33 - NS - NS
34 - NS - NS
35 - NS - 0.007
36 - NS - NS
37 - NS - NS
38 - NS - NS
39 - NS - 0.005
Christiaensen Basin
1 - NS - NS
5 — NS - NS
6 - 0.0001 - 0.0001
9 - NS - 0.05
10 - 0.023 - NS

40 - NS - NS




and 7 (Long Island Inshore), 6 and 10 (Basin), and
15 (Shelf Valley). For all stations combined, there was
a decreasing trend significant at the P = 0.0007 level.
Similar trends in numbers of amphipods are dis-
cussed below.

Causes for the faunal changes are unclear. Loca-
ticns of the stations with significant decreases circum-
stantially suggest that the declines could have been
linked to increasing effects of sewage sludge with
time. (Station 6 is the presumed center of sludge ac-
cumulation, and 7 is in the dumpsite itself. Stations 2,
3, and 10 are all within 10 km of station 6. Station 15
is 52 km SE of 6, but was considered by Boesch
[1982] to be the inshore limit of a “pristine” benthic
fauna in the Shelf Valley, as of the late 1970s.) Dis-
posal of sewage sludge increased from an average of
4,266,210 metric tons (t)/yr in 1973-79 to 6,634,355
t/yr in 1980-85 (Suszkowski and Santoro 1986), and
the recent inputs were the largest ever to any oceanic
sludge dumpsite (Norton and Champ 1989). How-
ever, the New York City Department of Environmen-
tal Protection (1983) reported that recent increases
in sludge amounts had been due mostly to increased
water content, that sludge solids dumped increased
only 5% from 1973 to 1981, and that mass loadings of
most sludge contaminants decreased over that pe-
riod. A comparison of 1973 and 1987 sludge loads
(HydroQual, Inc. 1989) indicates decreases, some
quite large, in loads of sludge solids, biochemical oxy-
gen demand and heavy metals, although nutrient in-
puts increased; no 1973 data on organic contami-
nants are available for comparison.

There are of course other pessible explanations for
the widespread declines in § (and amphipods). If an-
thropogenic change in water or sediment quality, or
both, is involved, other waste sources may be partly or
wholly responsible. However, dredged material dis-
posal in 1980-85 (x = 4,723,355 t/yr), decreased sub-
stantially from the 1973-79 average (9,124,785 t/yr)
(Suszkowski and Santoro 1986). Changes in carbon,
nutrient, and toxicant inputs from the Hudson-
Raritan estuary and other sources over the study pe-
riod have not been documented. Trends in natural
environmental variables such as climate or predation
could also cause the observed changes.

Finally, there are several possible sources of sam-
pling and analytical error. The “summer’ surveys
were not all conducted at the same time of year. The
1985 survey, which showed the lowest numbers at
many stations, was conducted the latest in the year
(early October). Strict comparisons of October data
to those from mid- to late-summer may be invalid ow-
ing to seasonal differences in such variables as tem-
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perature, dissolved oxygen, sulfide, larval recruit-
ment, and predation. Gray (1981) notes that it is
common for numbers of individuals and species to be
highest following recruitment peaks in the warmer
months, and then to decline to minima in winter. The
monthly samplings in summer 1986 and 1987 at sta-
tions 6 (Fig. 5) and 11 did show declines in § from
July to September, although, except for September
1986 at Siation 11, all values were higher than in Oc-
tober 1985. Preliminary data for 1988 and 1989 again
indicate higher § values at stations 6 and 11 in sum-
mer than were found in October 1985, with slight
decreases between July and September. For both sta-
tions as well as the third primary station (northern
Christiaensen Basin) in the more recent study of re-
sponses to phaseout of sewage sludge disposal, there
were apparent increases in numbers of species be-
tween 1986 and 1989 (Environmental Processes Divi-
sion, 1991). This may signal a reversal of the general
decreasing trend observed for 1980-85.

Systematic changes in sampling or sample process-
ing are possible but unlikely explanations for the
trends, since there has been continuity of methods
and senior field and taxonomic personnel over the
study period. Sorting of samples and preliminary
identifications were done by two different contrac-
tors, but each contract included a quality assurance
program (resorting 10% of the samples to determine
and maintain accuracy). All identifications were con-
firmed by one of the authors {ABF).

Numbers of Amphipods

Amphipods are small crustaceans known to be impor-
tant in the diets of some demersal fishes in the study
area, e.g., cod, haddock, red hake, yellowtail and win-
ter flounder (Musick and Sedberry 1977; Langion
and Bowman 1980). Amphipods are also thought to
be relatively sensitive to chemical contamination; this
has been reported for members of the families
Ampeliscidae (Lee et al. 1977; Sanders et al. 1980)
and Phoxocephalidae (Swartz et al. 1982). Amphipod
densities do sometimes increase with moderate or-
ganic enrichment.

Spatial Trends in Numbers of Amphipods

Contours of amphipod densities for September 1985
(Fig. 6) show distinct spatial trends, which in genera!
match those described above for numbers of species.
Lowest numbers (almost always less than one amphi-
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pod per 0.1 m?) were found in and near the
Christiaensen Basin. Densities were only slightly
higher at the New Jersey and Long Island Inshore
stations. Numbers increased fairly steadily to >100
amphipods/0.1 m? at the stations furthest offshore
and also in the outer Shelf Valley.

The spatial patterns were consistent over time. Fig-
ure 7 gives contours of amphipod densities for July—
August 1980. The chief difference from 1985 is that
in 1980 there were more inshore stations with densi-
ties elevated relative to those in the Basin. The spatial
relationships are otherwise quite similar between the
two years.

Temporal Trends in Numbers of Amphipods

Again in agreement with data on numbers of species,
there were marked decreases in numbers of amphi-
pods at many stations over the study period. Linear
regressions of numbers vs. time indicated nonsignifi-
cant (P> 0.05) positive slopes at only nine of the 48
stations (Table 2). Fourteen of the 39 declines, how-
ever, were significant (P<0.05): at stations 6 and 9
(Basin), 42 (New Jersey Inshore), 13, 14, 15, and 17
(Shelf Valley), 2 and 22 (Long Island Inshore), 29,
32, 35 and 39 (Long Island Offshore), and 158 (New
Jersey Offshore). For all stations combined, linear re-
gression analysis indicated a decrease in numbers of
amphipods significant at P = 0.0004.

The most pronounced decreases (P = 0.0001) at
individual stations occurred at the same stations (6
and 15) as had the most significant declines in num-
bers of species. Station 6 was characterized by low
numbers of amphipods throughout the study period.
However, amphipods became more scarce with time,
decreasing from an average of 1.5/0.1 m? in 1980-82
to only one occurrence in 27 grabs in 1983-85. Sta-
tion 15 had been considered “pristine’” based mostly
on the large numbers of amphipods typically found
there. Several early samplings revealed well over 1000
individuals/0.1 m?, while more recent densities have
been much lower (Fig. 8). As with species richness,
the declines in amphipods could be due to anthropo-
genic or natural environmental change, or sampling/
analysis artifacts.

Species Composition (Cluster Analysis)

This analysis uses data on abundance and distribution
of all but rare species. It thus augments the analyses

of dominant species and numbers of species and am-
phipods. Since between-sample similarities are calcu-
lated using log-transformed abundances of numerous
taxa, the analysis is relatively insensitive to changes in
abundance of single taxa, e.g., amphipods. Changes
in species composition over space and time can serve
as a quantitative measure of effects of environmental
change.

The total of 292 station/date combinations (hereaf-
ter “samplings’) yielded 27 groups at the = 30% simi-
larity level (Fig. 9). The 30% level was chosen for
consistency with past analysis of New York Bight data
(Reid et al. 1982), and because many of the groups
formed at that level appeared ecologically meaning-
ful (e.g., contained most or all samplings for a given
station; contained stations that were spatially close
and had similar depths and sediment typesj. Some
groups contained few samplings and formed more
reasonable patterns when merged with other groups
at <30% similarity. The samplings occurring in each
group are listed in Table 3. Numerically dominant
species in each group are given in Table 4. Dominant
species are defined as those among the top ten in
abundance in at least 50% of the samplings in a
group; the actual percentages are indicated in Table
4. Distribution of the groups among various subareas
of the Bight is discussed below.

Sewage Sludge Dumpsite—Group I includes all sam-
plings at Station 7, in the northwest corner of the
dumpsite. as well as the 1983 sampling from Station
43 (NJI). The assemblage at Station 7 is distinct in
part due to the abundance of the polychaetes,
Capitella spp., which are discussed in more detail in
Dominant Species section below. The consistency of
species compaosition over time at the sludge dumpsite
contradicts the suggestion from the trends in num-
bers of species and amphipods that degradation of
the benthos there has recently increased.

“Sewage Sludge Accumulation Area”—Group ] con-
tains all samplings at Station 6 except for October
1985, which was the sole sampling in adjacent Group
K. Groups J and K joined at Cz = 0.03 similarity, and
they next merged with the sludge dumpsite fauna
(Group I), at Cz = —0.08. J was the only group in
which Capitella spp. were consistently the top
dominants.The group is also distinguished by the
consistent abundance of rhynchocoels (ribbon
worms).

Inner Hudson Shelf Valley—Group D consists exclu-
sively of all samplings at stations 13, 16, and 17. These
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Table 3
Samplings included in each group formed by cluster analysis.

Year Station (number of samples) Year Station (number of samples)
Group A Group H
1980 1(1) 20 3 18(1) 40(5) 1980
1981 1(1)  2(1)  3(1) 9(1) 10(1) 40(5) 1981 21(1) 25(1)
1982 H2) 2(2) 3(2) 5(2) 8(2) 9(2) 10(2) 18(2) 40(2) 1982
1983 12 2(2) 3(2) 5(2) 10(2) 18(2) 40(2) 1983 21(2) 44(2)

2(2) 5(2) 18(2) 1984
1984 1(2) 2(2) 9(2) 1985  11(2) 21(2) 22(2)
1985 Group I
Group B 1980  7(5)
1980 5(1) 8(1) 9(1) 1981 7(5)
1981 1982  7(5)
1982 5(2) 18(2) 1983  7(5) 43(2)
1983 9(2) 1984  7(5)
1984 1985  7(5)
1985 7(2)
Group C Group J
1980 1980  6(5)
1981 1981 6(5)
1982 1982  6(5)
1983 1983  6(5)
1984 5(2) 10(2) 18(2) 6(2)
1985 1(2) 2(2) 3(2) 5(2) 9(2) 10(2) 18(2) 40(2) 1984 6(5)
Group D 1985  6(5)
1980 13¢1) 16(1) 17(1) Group K
1981 13(1) 16(1) 17(1) 1980
1982 13(2) 16(2) 17(2) 1981
1983 13(2) 16(2) 17(2) 1982

16(2) 17(2) 1983
1984 13(2) 16(2) 17(2) 1984
1985  13(2) 16(2) 17(2) 1985  6(2)
Group E Group L
1980  11(1) 12(1) 1980 35(1)
1981 11(1) 12(1) 1981 34(1) 35(1)
1982 11(2) 1982 35(2)
1983 11(2) 1983 35(2)
1984 35(2)
1985 1984 35(2)
Group F 1985
1980  4(4) 10(1) 21(1) 42(5) Group M
1981  4(5) 8(I) 1980  14(1) 15(5)
1982 4(5) 21(2) 43(2) 44(2) 1981  14(1) 15(5)
1983 8(2) 1982 14(2) 15(5)

8(2) 1983 14(2)
1984 21(2) 1984  14(2) 15(5)
1985 8(2) 1985  14(2) 15(5)
Group G 15(2)
1980 22(1) Group N
1981 22(1) 1980 34(1) 36¢1) 37(1) 38(1)
1982 29(2) 198} 36(1) 37(1) 38(1) 39(1)
1983 22(2) 1982 12(2) 32(2) 34(2) 36(2) 37(2) 38(2) 39(2)
1984 11(2) 22(2) 1983 34(2)
1985 1984 34(2) 38(2)

1985

9




10 NOAA Tecbnical Report NMFS 103

Table 3 (continued)

Year Station (number of samples) T Year Station (number of samplcs)
Group O Group U (continued)
1980 29(1) 392(1) 39(1) 1984  4(5) 8(2) 42(2) 48(2) 44(2)
1981 29(1) 30(1) 33(1) 1985 4(5) 42(2) 43(2) 44(92)
1982 29(2) 30(2) 4(2)
1983 12(2) 29(2) 30(2) 32(2) 36(2) 37(2) 39(2) Group V
1984 12(20 29(2) 30(2) 36(2) 37(2) 39(2)
1985 1980 27(1)
1981 27(1)
Group P 1982 24(2)
1980 1983 19(2) 24(2) 25(2) 27(2) 28(2) 63(2)
1981 39(1) 158(1) 24(2) 25(2)
1982 1984 24(2) 25(2) 27(2) 28(2)
1983 158(2) 1985 24(20 25(2) 28(2)
1984 32(2) 158(2) Group W
1985 12(2) 29(2) 30(2) 82(2) 36(2) 37(2) 158(2)
1980 23(1)
Group Q 1981
1980  33(1) 1982 23(2)
1981 1983 23(2)
1982 33(2) 1954 23(9)
1983 38(2) 1985 23(2)
1984 33(2) Group X
1985 33(2) 34(2) 35(2) 38(2) 39(2)
1980 26(5)
Group R 1981 23(1) 26(5)
1980 28(1) 1982 U6(5)
1981 28(1) 1043 926(3)
1982 1984 26(2)
1983 1985 26(5)
1984 26(2)
1985 Group ¥
Group S 1980 41(5)
1981 41(5)
1980 30(1) 31(5) 1982 41(2)
1981 31(5) 1983 41(2)
1982 928(2) 31(5) 1984 41(2)
1983 31(5) 1985 41(2)
1984 31(5) )
1985 31(2) Group Z
Group T 1980 24(1) 25(1) 4%(5) 44(5)
1981 24(1) 43(5)
1980 1082
1981 20(1) 64(1) 1983 43(1)
1982 19(2) 20(2) 42(9) 1984
1983 64(2) 1085
1984  19(2) 20(2) 64(2)
1985 19(2) 20(2) 64(2) ERA
Group U 1980
1981 63(1) 65(1)
1980 19(1) 20(1) 1982 97(2) 65(2)
1981 42(5) 44(5) \dgs 65(2)
1982 i 1984 63(2) 65(2)
1983 4(5) 20(2) 42(2) 1Uss  97(2) 63(2) 65(2)



Consistently dominant species (in top 10 in numerical abundance in 250% of samplings, or station/date combina-
tions) for each group formed by cluster analysis. Am = amphipod; An = anthozoan; Bi = bivalve; Cu = cumacean;
Ec = echinoderm; Ga = gastropod; Ph = phoronid; Po = polychaete; Rh = rhynchocoel; Ta = tanaidacean.
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Table 4

Number of % of Number of % of
Group samplings Species Taxon samplings Group samplings Species Taxon samplings
A 33 Nucula proxima Bi 100 G 6 Nucula proxima Bi 100
Prionospio steenstrupi Po 85 Pitar morrhuanus Bi 100
Nephtys incisa Po 79 Tellina agilis Bi 83
Phoronis architecta Ph 76 Aricidea (Acesta) catherinae Po 83
Tharyx acutus Po 73 Spiophanes bombyx Po 67
Mediomastus ambiseta Po 70 Nephtys picta Po 67
Tharyx dorsobranchialis Po 67 Spio filicornis Po 67
Cossura longocirrata Po 67 Lumbrineris hebes Po 50
Ceriantheopsis americanus ~ An 52 Tharyx acutus Po 50
B 6 Nucula proxima Bi 100 H 7 Nucula proxima Bi 100
Cossura longocirrata Po 100 Tellina agilis Bi 86
Nephtys incisa Po 83 Nephtys picta Po 86
Phoronis architecta Ph 83 Aricidea (Acesta) catherinae Po 57
Ceriantheopsis americanus ~ An 83 Pitar morrhuanus Bi 57
Levinsenia gracitis Po 67 I 8  Spiophanes bombyx Po 100
{\/Iyulus edulis Bi 67 Capitella spp. Po 88
Tharyx acutus Po 50 Tharyx acutus Po 88
Pherusa affinis Po 50 Nephtys picta Po 88
C 11 Ceriantheopsis americanus ~ An 100 Tellina agilis Bi 88
Nucula proxima Bi 100 Exogone hebes Po 63
Nephiys incisa Po 100 Nephtyidae spp. (juvenile) Po 50
Pherusa affinis Po 82 J 7 Capitella spp. Po 100
Phoronis architecta Ph 73 Rhynch | Rh 100
) N ynchocoela spp.
Cossura longocirrata Po 55 Ne o
o phitys incisa Po 86
Lumbrineris hebes Po 55 Nucula proxima Bi 86
D 20 Nucula delphinodonta Bi 100 Spio filicornis Po 71
Cossura longocirrata Po 95 Pholoe minuta Po 57
L{vznserfza'graalzs Fo 95 K 1 (one sampling only)
Ninoe nigripes Po 85 o
Tharyx dorsobranchialis Po 80 Nephtys incisa Po 100
. . )
Aricidea (Acesta) catherinae Po 75 Glycera dzb‘r.arfchzala Po 100
Euchone incolor Po 75 Pherusz[z affinis Po 100
Lumbrineris hebes Po 70 Nassarius lri.viltalux G.a 100
Prionospio steenstrupi Po 70 N“‘?‘la proxima Bf 100
Mediomastus ambiseta Po 50 Tellina agilis Bi 100
) . Spisula solidissima Bi 100
E 6 Nucula proxima Bi 100 ) o
Rhynchocoela spp. Rh 83 L 7 Ampelisca agassizi Am 100
Tharyx dorsobranchialis Po 83 Unciola irrorata Am 100
Ninoe nigripes Po 83 Leptocheirus pinguis Am 100
Aricidea (Acesta) catherinae  Po 83 Corophium crassicorne Am 100
Lumbrineris hebes Po 83 Erichthonius rubricornis Am 86
Prionospio steenstrups Po 83 Unicola spp. (juvenile) Am 71
Spio filicornis Po 50 Exogone verugera Po 71
Pholoe minula Po 50 Harpinia propinquua Am 57
F 14 Amastigos caperatus Po 79 Eudorella pusilla Cu 57
Tellina agilis Bi 79 M 12 Ampelisca agassizi Am 100
Mediomastus ambisela Po 71 Aricidea (Acesta) catherinae Po 83
Nucula proxima Bi 64 Lumbrineris hebes Po 75
Aricidea (Acesta) catherinae  Po 64 Unciola irrorata Am 58
Tharyx acutus Po 57 Tharyx dorsobranchialis Po 50
Parougia caeca Po 50 Nucula delphinodonta Bi 50
Prionospio steenstrupi Po 50 Leptocheirus pinguis Am 50

11
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Table 4 (continued)

Number of % of ‘ Number of % of
Group  samplings Species Taxon samplings | Group samplings Species Taxon samplings
N 18 Exogone hebes Po 100 T (continued)  Pseudunciola obliguua Am 58
Unciola inermes Am 78 Spiophanes bombyx Po 50
Byblis serrata Am 72 Nephtyidae spp. (juvenile) Po 50
Aricidea (Acesta) catherinae  Po 61 Protohaustorius cf.
Caulleriella of. killariensis Po 56 deichmannae Po 50
Euchone eleguns Po 50 L 17 Tellina agilis Bi 88
(€] 21 Unicola inermis Am ‘00 Goniadella gracilis Po 64
Exogone hebes Po 95 Spiophanes bombyx Po 64
Caulleriella cf. killariensis Po 90 Spisula solidissima Bi 64
Tanaissus liljeborg: Ta 67 Caulleriella cf. killariensis Po 59
Rhepoxynius hudsoni Am 57 Nephtyidae spp. (juvenile) Po 59
Prionospio steenstrupi Po 52 \Y% 18 Echinarachnius parma Ec 78
Aricidea (Acesta) catherinae  Po 52 Goniadella gracilis Po 79
Byblis serrata Am 52 Astarte castanea Bi 67
P 12 Caulleriella of. killariensis Po 100 Lxogone hebes Po 61
Exogone hebes Po 100 Caulleriella of. killariensis Po 61
Goniadella gracilis Po 100 Pseudunciola obliquua Am 61
Aricidea (Acesta) catherinae  Po 83 Tanaissus liljeborgi Ta 50
Lumbrinerides acuta— Po 75 W 5 Goniadella gracilis Po 100
Nephryd}ae spp. (juvenile) Po 58 Tellina agilis Bi 80
'U‘nczo.la wrorala Am 58 Echinarachnius parma Ec 80
Lanaissus liljeborg: Ta 50 Pseudunciola obliquua Am 80
Q 9 Exogone hebes Po 56 Astarte castanea Bi 60
Rhepoxynius hudsoni Am 56 Spisula solidissima Bi 60
Unciola inermis Am 56 Hemipodus roseus Po 60
Ampelisca agassizi Am 56 Sigalion arenicola Po 60
R 2 Phyllodoce mucosa Po 100 Nephiys bucera Po 60
Glycera spp. (juvenile) Po 50 Rhynchocoela spp. Rh 60
Exogone hebes Po 50 X 8 Lchinarachnius parma Ec 100
Ariadea (Aricidea) wassi Po 50 Ceriantheopsis americana An 88
Corophium crassicorne Am 50 Tharyx dorsobranchialis Po 88
Aglaophamus circinati Po 50 Nephtyidae spp. (juvenile) Po 75
Unciola inermis Am 50 Goniadella gracilis Po 63
Paraonis fulgens Po 50 Nephtys picta Po 63
Echinarachnius parma Ec 50 Tharyx acutus Po 63
Spiophanes bombyx Po 50 Hemipodus roseus Po 50
Parougia caeca Po 50 Lumbrineris acicularum Po 50
Clymenella torquata Po 50 Y 6 Parapionosyllis longicirrata  Po 100
Cerastoderma pinnulatum Bi 50 Goniadetla gracilis Po 100
Lumbrineris hebes Po 50 Spisula solidissima Bi 100
Rhepoxynius hudsoni Am 50 Tanaissus liljeborgi Ta 100
Sthenelais limicola Po 50 Tellina agilis Bi 83
Photis macrocoxa Am 50 Aricidea (Acesta) cerruti Po 67
Rhynchocoela spp. Rh 50 Nephtys bucera Po 50
Ceriantheopsis americans Am 50 Nephtyidae spp. (juvenile) Po 50
S 9 Exogone hebes Po 89 Scolelepis squamata Po 50
Caulleriella cf. killariensis Po 89 Spiophanes bombyx Po 50
Pseudunciola obliquua Am 89 Hemipodus roseus Po 50
Aricidea (Acesla) catherinae  Po 67 Z 7 Aricidea (Acesta) catherinae Po 100
Tanaassus liljeborgi Ta 67 Lumbrineris acicularum Po 100
Rhepoxynius hudsoni Am 56 Goniadella gracilis Po 86
Echinarachnius parma Ec 56 Parougia caeca Po 86
T 12 Tellina agilis Bi 92 Tharyx acutus Po 71
Nephiys picta Po 75 AA 10 Cirrophorus brevicirratus ~ Po 100
Spisula solidissima Bi 67 Goniadella gracilis Po 90
Tanaissus liljeborgi Ta K7 Hemipodus roseus Po 80
Aricidea (Acesta) catherinae  Po 58 Aricidea (Acesta) catherinae  Po 80
Caulleriella cf. killariensis Po 58 Tellina agilis Bi 50

Magelona riojai Po 58



stations are located in the inner HSV, 28-41 km SSE
of the sludge dumpsite and sludge accumulation
area. That all 1980-85 samplings from the three sta-
tions clustered together, and without any trend to-
ward early samplings segregating from later ones, is
evidence against any gross effects of increasing sludge
disposal or other environmental changes in the inner
HSV over that period. However, the preponderance
of polychaetes among the dominant species may be
an indication of long-term enrichment or stress ef-
fects. Group D clustered most closely with Groups A,
B, and C (samplings from the Christiacnsen Basin
and stations closest to the Hudson-Raritan estuary
mouth), another sign that influences in those areas
extend to the inner HSV.

The other two stations in the inner HSV clustered
separately from stations 13, 16, and 17 (Group D).
Station 11, just south of the Christiaensen Basin, was
in the adjacent though quite dissimilar (Cz = —1.4)
Group E for 1980 through 1983, and Station 12, lo-
cated between 11 and 13, was in E in 1980 and 1981.
Station 11 moved to Group G in 1984 and H in 1985;
it thus moved closer to the sludge dumpsite and accu-
mulation area on the dendrogram but was still quite
dissimilar from them (Cz = —0.36). Station 12 sam-
plings from 1982 through 1985 fell in the “offshore
supergroup,” with amphipods increasing in abun-
dance in contrast to the trend at most stations.

Outer Hudson Shelf Valley—Unlike the inner HSV
and CB, stations 14 and 15 (Group M) were domi-
nated by amphipods. As with Group D in the inner
HSV, the similarity (0.45) of all samplings in the
outer HSV is evidence against major effects of envi-
ronmental change over the study period, and contra-
dicts the decreases in numbers of species and amphi-
pods discussed above.

Long Island Offshore (LIO)—The fauna of the east-
ernmost LI0 stations was most similar to that of the
outer HSV. Group L, which contained samplings from
stations 34 and 35, joined the outer HSV group at
0.15 similarity. As in the outer HSV, this group was
dominated by Ampelisca agassizi and other amphipods,
and had a relative scarcity of polychaetes. A. agassizi
did decrease somewhat from the very high 1980-81
levels, and then increased again in 1985 when Station
35 fell into Group Q (discussed below). Polychaetes
were more dominant in Group Q, so there are mixed
indications of temporal change in species composi-
tion in this area.

All other LIO stations had somewhat similar faunas.
All samplings fell within groups N, O, P, Q, and S,
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and all these groups joined at —0.21 similarity. The
largest difference between these groups and Group L
above was their lower abundance of Ampelisca agassizi.

New Jersey Offshore—The two stations (28 and 158)
in this category had assemblages most similar to LIO
stations. All samplings from Station 158 fell in Group
P, which otherwise consisted of LIO samplings. The
1980 and 1981 samplings at Station 28 formed a sepa-
rate group (R), with closest affinities to LIO Station
31. Station 28 occurred in Group S in 1982, and
Group V (New Jersey-Inshore, below) in 1983
through 1985,

New Jersey Inshore—This is the largest (14 stations),
most heterogeneous collection of stations. Samplings
were split between two very dissimilar (Cz = —3.0)
“supergroups,” A through K and T through AA. The
NJI stations closest to the Christiaensen Basin (4, 8,
and 18) had most samplings in the A-K supergroup.
Groups T through AA basically consisted of samplings
from the more southern and inshore NJI stations (19,
20, 23-27 and 41-44). The cluster analysis did not
distinguish northern coastal stations from other NJI
areas, indicating that the Hudson-Raritan estuarine
plume (which tends to follow the north NJ coast)
did not have an overriding influence on species
composition.

Long Island Inshore—As with NJI stations, the LII
stations were split between the dissimilar supergroups
A-K and T-AA. All samplings from the three stations
nearest the Long Island coast (63, 64, and 65) were in
group T-AA. All sampling from the remaining LII
stations (2, 3, 21, and 22) were in groups A, C, F, G,
and H, with fauna quite distinct from stations 63-65.

Christiaensen Basin—Finally, all remaining CB sta-
tions (1, 5, 9, 10, and 40) clustered together in
groups A-C, except for Station 10 in 1980 (Group F).
These are the stations physically closest to Station 6 in
the sludge accumulation area. Their depths are simi-
lar to that at Station 6 (Table 1) and, as indicated by
amounts of fine sediments, they also have somewhat
depositional environments (Station 10 is deeper but
has coarser sediments). These stations should be
among the first to show signs of any increasing influ-
ence of sludge or other contaminant inputs to the
Basin. That their species composition remained con-
sistent over time, and distinct from the fauna at Sta-
tion 6, from 1980-85 is evidence against large in-
creases in anthropogenic effects.
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Mean densities and biomasses per 0.1 m with standard errors and numbers of replicate
numerically dominant species at Station 6 on each sampling date.

Table 5

samples analyzed, for the

Density Biomass (mg.)
No. of _ - 2
Date samples Species Mean SE Species Mean SE
Dec 1979 5 grabs Phoronis architecta 764.0 205.5 Phoronis architecta 2321.0 707.0
Asabellides oculata 490.8 81.2 Nephtys incisa 1688.2 474.3
Tharyx aculus 342.2 38.4 Rhynchococla spp. 1440.4 334.4
Capitella spp. 118.6 28.3 Ceriantheopsis americanus 1248.4 380.9
Mediomastus ambisela 79.2 11.7 Pherusa affinis 467.6 254.9
Cossura longocirrata 68.2 13.1 Ninoe nigripes 375.6 245.5
Prionospio steenstrupi 50.0 12.9 Asabellides oculata 372.4 51.7
Parougia caeca 45.8 13.7 Cancer irroralus 297.6 251.0
Unciola irrorata 44.6 7.2 Crangon septemspinosa 106.4 38.0
Nephtys incisa 42.4 8.2 Tharyx acutus 82.6 5.9
Jul 1980 5 grabs Capitella spp. 545.6 118.4 Capitella spp. 497.2 245.5
Edoteqa triloba 27.4 8.5 Rhynchocoela spp. 201.0 109.3
Rhynchocoela spp. 8.4 3.0 Edotea triloba 111.2 38.3
Spiophanes bombyx 8.2 6.8 Ceriantheopsis americanus 106.4 93.4
Cancer irroratus 7.0 3.4 Cancer irroratus 70.8 46.0
Tellina agilis 4.2 2.1 Spiophanes bombyx 56.4 50.6
Tharyx acutus 3.6 2.7 Nephtys incisa 42.4 18.3
Nephtys incisa 3.2 1.6 Phoronis architecta 15.4 13.9
Unciola irrorata 2.2 0.6 Pherusa affinis 15.2 18.3
Pitar morrhuanus 1.8 1.8 Tellina agilis 12.8 6.8
Dec 1980 5 grabs Spiophanes bombyx 166.2 34.4 Ceriantheopsis americanus 832.2 434.5
Capitella spp. 86.4 44.5 Nephtys picta 254.8 67.3
Pherusa affinis 46.0 14.5 Pherusa affinis 228.8 79.5
Nephtyidae spp. 35.8 6.9 Diopatra cuprea 173.6 132.8
Nephtys picta 14.2 2.8 Spiophanes bombyx 167.6 18.6
Parougia caeca 11.0 4.0 Glycera dibranchiala 62.6 23.3
FEdotea tribola 5.4 1.7 Capitella spp. 49.8 29.7
Tharyx acutus 4.8 2.5 Rhynchocoela spp. 45.8 45.1
Ceriantheopsis americanus 3.4 1.7 Pitar morrhuanus 15.2 15.2
Diopatra cuprea 3.4 2.0 Edotea tribola 13.4 5.3
Aug 1981 5 grabs Capritella spp. 637.8 157.7 .Capitella spp. 2475.6 630.9
Rhynchocoela spp. 27.2 6.8 Rhynchocoela spp. 1670.4 509.2
Phoronis architecta 14.6 6.3 Nephtys incisa 223.8 39.8
Nucula proxima 7.4 2.6 Nucula proxima 82.6 26.8
Phyllodoce (anatides) mucosa 7.0 2.1 Ovalipes ocellatus 49.4 49.4
Nephtys incisa 6.4 0.6 Cancer irroratus 28.6 14.6
Pholoe minuta 3.8 0.4 Phersusa affinis 22.8 12.3
Microphthalmus sczelkowii. 2.0 0.8 Phoronis archilecla 19.2 8.4
Prionospio steenstrupi 2.0 1.4 Tharyx dorsobranchialis 17.6 17.1
Tharyx aculus 2.0 0.9 Ceriantheopsis americanus 14.2 9.3
Jan 1982 5 grabs Nucula proxima 51.4 13.7 Rhynchocoela spp. 337.2 107.3
Phoronis architecta 16.2 7.3 Nucula proxima 270.0 55.3
Edotea triloba 4.4 2.0 Nephtys incisa 189.0 60.3
Rhynchocoela spp. 3.8 0.6 Phersusa affinis 49.6 36.7
Tharyx aculus 3.8 1.6 Phoronis architecta 40.2 16.8
Nephtys incisa 3.6 1.2 Edotea triloba 11.6 4.4
Capitella spp. 3.2 0.9 Amphioplus abditus 8.2 8.2
Nephtyidae spp. 2.4 1.2 Spiophanes bombyx 5.8 2.2
Cirratulus cirratus 24 2.4 Ceriantheopsis americanus 5.2 3.6
Parougia caeca 2.2 1.1 Crangon septemspinosa 5.2 4.5
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Table 5 (continued)

No. of Density Biomass (mg)

Date samples Species Mean SE Species Mean SE
Aug 1982 5 grabs Capitella spp. 989.2 379.0 Rhynchocoela spp. 2139.4 486.7
Ceriantheopsis americanus 55.2 18.6 Capitella spp. 360.0 107.5
Pholoe minuta 41.4 16.9 Ceriantheopsis americanus 334.8 76.9
i Spio filicornis 16.6 4.4 Nephtys incisa 316.0 95.3
‘ Phyllodoce (anatides) mucosa 16.2 4.3 Cancer irroratus 162.6 100.0
Rhynchocoela spp. 14.4 3.2 Spio filicornis 140.6 41.5
Parougia caeca 9.0 1.8 Pherusa affinis 18.2 17.5
Tharyx acutus 8.4 3.4 Phyllodoce (anatides) mucosa 17.0 4.5
Nucula proxima 8.4 1.8 Crangon septemspinosa 17.0 17.0
Mediomastus ambisela 7.4 3.8 Glycera dibranchiata 16.2 13.6
Nov 1982 5 grabs Nucula proxima 11.8 4.7 Nephtys incisa 364.0 103.5
Nephlys incisa 8.6 1.9 Ceriantheopsis americanus 30.6 30.6
Diastylis polita 8.2 2.6 Rhynchocoela spp. 28.2 19.9
Pheruse affinis 6.6 2.8 Nucula proxima 25.2 10.2
Tellina agilis 5.8 3.0 Pherusa affinis 19.2 7.8
Asabellides oculata 2.2 1.2 Diastylis polita 10.8 3.7
Spiophanes bombyx 2.0 0.9 Crangon septemspinosa 10.8 4.7
Edotea tribola 1.8 0.6 Asabellides oculala 5.8 5.1
| Crangon septemspinosa 1.6 0.7 Edotea triloba 2.4 0.9
| Capitella spp. 1.4 0.7 Spiophanes bombyx 2.2 1.5
i Jul 1983 5 grabs Capitella spp 86.8 52.5 Capitella spp. 358.0 125.2
Rhynchocoela spp. 4.0 1.8 Rhynchocoela spp. 119.0 71.0
Pholoe minuta 3.2 2.2 Nucula proxima 18.8 18.1
Nucula proxima 2.6 1.9 Nephlys incisa 12.4 9.8
Tharyx dorsobranchialis 1.6 1.6 Spio filicornis 2.8 2.6
Nephtys incisa 1.4 0.7 Harmothoe extenuata 2.0 2.0
Spio filicornis 1.4 0.9 Pholoe minuta 0.8 0.6
Ceriantheopsis americanus 0.4 0.4 Tharyx dorsobranchialis 0.8 0.8
Mytilus edulis 0.4 0.4 Cancer irroratus 0.8 0.8
Harmothoe extenuata 0.2 0.2 Ceriantheopsis americanus 0.6 0.6
Aug 1983 2 grabs Capitella spp. 5604.0 5092.0 Capitella spp. 3985.5 36435
Rhynchocoela spp. 39.5 6.5 Rhynchocoela spp. 959.0 200.0
Ceriantheopsis americanus 23.5 15.5 Ceriantheopsis americanus 212.5 188.5
Pholoe minuta 16.0 7.0 Nucula proxima 46.0 4.0
| Nucula proxima 14.5 1.5 Spio filicornis 12.0 3.0
Phoronis architecta 4.0 3.0 Nephtys incisa 10.0 0.0
Nephtys incisa 3.0 0.0 Pherusa affinis 5.0 5.0
Spio filicornis 3.0 0.0 Edwardsia elegans 2.5 2.5
Parougia caeca 2.0 1.0 Pholoe minuta 2.5 0.5
Prionospio steenstrupi 2.0 1.0 Eteone longa 2.0 2.0
Nov 1983 5 grabs Capiltella spp. 414.8 368.8 Nephtys incisa 1082.4 305.0
Nereis succinea 35.2 31.7 Pherusa affinis 321.8 241.9
Nucula proxima 28.2 6.6 Rhynchocoela spp. 296.0 85.6
Nephtys incisa 27.2 5.2 Capitella spp. 191.4 175.5
Parougia caeca 21.0 9.8 Ceriantheopsis americanus 181.8 44.5
Asabellides oculata 16.2 35 Nucula proxima 120.0 28.8
Nephtys picta 12.0 4.1 Dichelopandalus leptocerus 56.0 56.0
Pherusa affinis 4.8 2.6 Nereis succinea 55.6 54.1
Tellina agilis 4.0 1.3 Asabellides oculata 37.0 12.7
Ceriantheopsis americanus 34 0.8 Tellina agilis 6.2 2.6
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Table 5 (continued)

No. of Densit Biomass (mg.}
Pate sampies Species Mean SE Species Mean SE
Aug 1954 2 grabs Capitella spp. 117.4 54.2 Capitella spp. 1310 4 831.%
Rhynchocoela spp. 3.4 1.3 Rhynchocoela spp. 33€.6 166.¢
Nucula proxima 1.0 0.6 Tellina agilis 12 8 7.8
Pherusa affinis 0.8 0.6 Pherusa affinis 4 7.2
Nephtys incisa 0.6 0.4 Nephty incisa 7.6 5.2
Edotea triloba 0.6 0.4 Ceriantheopsis americanus 7.0 7.C
Spio filicornis 0.4 0.1 Crangon Septemspinnsu 4.C 2.5
Tellina agilis 0.4 0.2 Nucula proxima 3.6 2.0
Crangon Septemspinosa 0.4 0.2 Ldotea triloba 2.8 2.0
Ceriantheopsis americanus 0.2 0.2 Spio filicornus 1.8 1.8
Jun 1985 5 grabs Capitella spp. 99.8 45.0 Capitelln spp. 326.8 193.0
Nucula proxima 19.6 4.7 Rhynchocoela spp. 239.6 113.5
Nephlys incia 2.6 1.1 Nephtys incisa 196.6 40.3
Arcticn islandica 5.2 2.0 Nucula proxima 126.8 30.3
Edotea triloha 3.6 1.0 Nassarius trivillatus 17.8 17.8
Rhynchoceoela spp. 2.4 0.5 Edotea Triloba 11.2 1.7
Anthozoa spp. 2.2 0.7 Artica islandica 6.0 2.7
Spio filicornus 1.0 0.8 Cancer irroratus 5.0 2.3
Cancer wroratus 1.0 0.4 Mulinia lateralis 4.0 2.5
Crangon seplemspinosa 0.6 0.6 Anthozoa spp. 3.2 1.0
Oct 1985 2 grabs Nephtys incisa 7.0 1.0 Nephtys incisa 180.0 4.0
Nassarius trivittatus 1.0 0.0 Glycera dibranchiatla 30.0 30.0
Nucula proxima 1.0 1.0 Tellina agilis 3.0 1.0
Tellina agilis L0 0.0 Nassarius (nvitlatus 2.5 0.5
Glycera dibranchiata 0.5 (E8:3 Nucula proxima 2.5 2.5
Pherusa affinis 0.5 0.5 Pherusa affinis 1.0 1.0
Spisula solidissima 0.5 0.5 Spusula solidissima 1.0 1.0
Jul 1986 3 grabs Capitella spp. 2177.3 14333 Rhynchocoela spp. 3792.3  1478.7
Asabellides oculata 486.3 92.7 Asabellides oculata 3128.0  1440.7
Pherusa affinis 72.3 39.1 Capitella spp. 2552.7  2289.1
Nucula proxima 68.0 42.0 Pherusa affinis 622.0 365.2
Rhynchocoela spp. 60.3 17.9 Paranailis speciosa 287.0 26.2
Tellina agilis 50.3 33.2 Nephtys incisa 253.3 237.0
Paraougia caeca 40.0 40.0 Ceriantheopsis americanus 243.7 217.8
Paranaitus speciosa 31.7 3.2 Cancer irroratus 219.0 81.2
Tharyx acutus 24.0 10.0 Asterias forbesi 122.7 122.7
Cancer irroratus 16.3 7.4 Nucula proxima 119.7 48.0
Aug 1986 3 grabs Tharyx spp. 33.7 33.7 Rhynchocoela spp. 2283.0 835.0
Rhynchocoela spp. 23.3 11.6 Cancer irroratus 891.0 611.3
Nucula proxima 22.0 18.0 Nephtys incisa 521.0 278.9
Tharyx acutus i6.7 14.7 Ceriantheopsis americanus 361.0 209.3
Cancer irroratus 12.3 2.6 Nucula proxima 63.0 41.7
Cerioantheopsis americanus 12.0 8.3 Pherusa affinis 30.3 13.0
Pherusa affinis 11.3 6.4 Nessarius trivittatus 28.0 28.0
Nephtys incisa 4.7 2.3 Tharyx spp. 7.3 7.3
Mediomastus ambiseti 4.3 2.3 Tharyx acutus 7.3 59
Tellina agilis 2.3 15 Phoronis architecta 7.0 6.0
Sep 1986 3 grabs Rhynchocoela spp. 39.7 14.4 Rhynchocoela spp. 2169.0 853.0
Tharyx acuius 22.3 5.9 Ceriantheopsis americanus 552.0 251.0
Nucula proxima 22.0 18.2 Pherusa affinis 199.7 193.2
Ceriantheopsis americanus 20.3 9.0 Nephtys incisa 135.0 45.3
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Table 5 (continued)

Density Biomass (mg)
No. of —_—

Date samples Species Mean SE Species Mean SE
Capitella spp. 6.7 3.3 Glycera dibranchiata 94.3 52.6
Mediomastus ambiseta 6.3 2.3 Nucula proxima 51.3 15.8
Nephtys incisa 2.3 0.9 Spio filicornis 11.0 11.0
Tellina agilis 2.3 1.5 Ninoe nigripes 8.0 8.0
Parougis caeca 2.0 2.0 Tharyx acutus 8.0 3.6
Pherusa affinis 2.0 1.2 Tellina agulis 2.3 1.9
Jul 1987 3 grabs Rhynchocoela spp. 71.7 40.2 Rhynchocoela spp. 9054.7 4015.4
Parougia caeca 37.0 21.0 Ceriantheopsis americanus 1507.0 796.7
Ceriantheopsis americanus 36.3 21.3 Nephtys incisa 243.3 2244
Nucula proxima 27.3 13.7 Nucula proxima 134.7 58.7
Capitella spp. 15.0 14.0 Ldotea triloba 106.0 36.8
Edotea triloba 13.0 3.5 Parougia caeca 45.0 28.4
Cancer irroratus 4.3 2.8 Cancer irroratus 36.3 28.3
Nephtys incisa 3.7 1.5 Pitar morrhuanus 18.3 18.3
Spio filicornis 2.0 2.0 Spio falicornis 10.0 10.0
Harmothoe extenuata 1.3 0.7 Spiophanes bombyx 8.7 8.7
Aug 1987 3 grabs Parougia caeca 48.3 29.1 Rhynchocoela spp. 3691.0 14414
Rhynchocoela spp. 37.0 16.1 Ceriantheopsis americanus 782.7 530.0
Capitella spp. '34.7 16.8 Nucula proxima 152.3 70.4
Nucula proxima 25.7 13.6 Pherusa affinis 45.0 23.1
Ceriantheopsis americanus 9.3 6.2 Edotea triloba 34.0 21.1
Edotea triloba 5.0 3.1 Spio filicornis 22.3 22.3
Pherusa affinis 2.0 0.6 Cancer irroratus 21.7 11.5
Cancer irroratus 1.8 0.9 Parougia caeca 15.3 10.5
Spio filicornis 1.0 1.0 Nephtys incisa 9.7 9.7
Tharyx acutus 0.7 0.7 Capitella spp. 6.7 3.8
Sep 1987 3 grabs Capitella spp. 2187.3 867.3 Rhynchocoela spp. 3542.7 11729
Nucula proxima 63.0 29.6 Ceriantheopsis americanus 1429.7 1336.3
Rhynchocoela spp. 22.7 5.2 Capitella spp. 1089.3 394 .4
Ceriantheopsis americanus 19.0 18.0 Cancer irroratus 936.3 936.3
Parougia caeca 4.3 2.0 Nucula proxima 154.7 23.7
Prionospio steenstrupi 3.3 2.8 Nephtys incisa 26.7 12.1
Edotea triloba 2.7 1.2 Pherusa affinis 17.3 17.3
Nephtys incisa 2.3 0.7 Parougia caeca 5.0 2.6
Unciola irrorata 1.0 1.0 Edotea triloba 3.7 1.5
Jassa falcaia 0.7 0.3 Dyopedos monocanthus 3.3 1.7

ot
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Table 6
Mean densities and biomasses per 0.1 m with standard errors and numbers of replicate samples analyzed, for the
numerically dominant species at Station 7 on each sampling date.

Density Biomass (mg)
No. of R ———
Date samples Species Mean SE Species Mean SE
Dec 1979 5 grabs Capitella spp. 372.0 181.5 Diopatra cuprea 1032.8 479.6
Tharyx acutus 296.0 46.1 Ceriantheopsis americanus 633.2 201.4
Parougia caeca 98.8 22.8 Nephtys picta 631.8 99.9
Exogone hebes 69.8 10.4 Rhynchocoela spp. 523.4 231.4
Spiophanes bombyx 60.8 23.9 Asabellides oculata 300.2 64.5
Asabellides oculata 57.4 24.0 Ensis directus 262.8 158.4
Unciola irrorata 44.8 20.2 Spiophanes bombyx 220.4 59.9
Mephtys picta 37.8 3.0 Nassarius trivittatus 209.4 129.5
Nephtyidae spp. 23.0 5.1 Glycera dibranchiata 180.4 22.5
Phoronis architecta 13.4 5.8 Tharyx acutus 177.2 26.3
Jul 1980 5 grabs Edotea triloba 62.0 13.6 Lumbrineris acicularum 522.0 334.6
Capitella spp. 42.8 16.8 Ceriantheopsis americanus 351.6 260.8
Tharyx acutus 28.6 12.7 Rhynchocoela spp. 280.3 98.9
Tellina agilis 23.3 5.4 Edotea triloba 236.4 89.1
Nephtys picta 17.4 10.2 Nephtys picta 225.6 141.1
Amastigos caperalys 15.7 9.9 Glycera dibranchiala 145.6 105.4
Parougia caeca 13.4 55 Tellina agilis 111.1 44.4
Spiophanes bombyx 134 5.9 Nephtys incisa 102.8 102.8
Tharyx acutus 11.7 11.6 Spiophanes bombyx 99.4 74.8
Exogone hebes 9.1 9.0 Nephtys bucera 73.3 73.2
Dec 1980 5 grabs Spiophanes bombyx 108.5 26.1 Arctica islandica 15400.0 15400.0
Capitella spp. 32.6 11.0 Nassarius trivittatus 1091.1 615.5
Parougia cacca 30.8 18.4 Diopatra cuprea 417.0 415.8
Pherusa affinis 25.3 12.3 Ceriantheopsis americanus 403.5 189.0
Nephtyidae spp. 14.7 5.2 Nephtys picta 251.1 132.9
Tharyx acutus 10.1 6.1 Rhynchocoela spp. 207.9 169.8
Nephtys picta 9.1 2.9 Spiophanes bombyx 182.6 124.6
Diopatra cuprea 4.5 3.7 Pherusa affinis 107.3 55.0
Exogone hebes 3.8 2.6 Crangon septemspinosa 28.7 4.2
Nereidae spp. (juv.) 3.5 2.1 Laonice cirrata 17.9 17.8
Aug 1981 5 grabs Spiophanes bombyx 158.4 29.5 Spiophanes bombyx 1516.7 210.2
Capitella spp. 79.1 33.8 Diopatra cuprea 370.0 370.0
Tharyx acutus 24.6 20.7 Ceriantheopsis americanus 346.7 97.5
Exogone hebes 17.8 2.6 Rhynchocoela spp. 216.6 103.4
Spio filicornis 13.9 5.7 Nephtys picla 187.4 44.5
Tellina agilis 13.3 6.6 Nassarius trivitlatus 158.3 158.2
Tharyx dorsobranchialis 11.1 9.5 Spio filicornis 99.7 315
Ceriantheopsis americanus 10.8 1.1 Tellina agilis 91.7 38.0
Nephtys picta 8.9 3.2 Glycera dibranchiata 71.7 29.4
Nephtyidae spp. 4.9 3.1 Capitella spp. 60.9 17.2
Jan 1982 5 grabs Echinarachnius parma 192.4 48.5 Spiophanes bombyx 1428.6 336.2
Spiophanes bombyx 120.4 14.0 Ceriantheopsis americanus 630.0 226.1
Nephtyidae spp. 82.6 6.7 Rhynchocoela spp. 317.4 143.9
Exogone hebes 26.0 6.8 Nephtys picta 202.4 37.5
Tellina agilis 25.4 3.8 Diopatra cuprea 200.6 179.6
Parougia caeca 22.2 5.3 Nassarius triviltatus 121.8- 79.9
Tharyx aculus 17.8 6.2 Nephtyidae spp. 68.8 9.9
Capitella spp. 17.2 2.7 Pherusa affinis 60.0 33.3
Nephlys picta 7.6 1.2 Glycera dibranchiata 53.6 20.1
Glycera spp. (juv.) 7.2 1.9 Tellina agilis 33.4 20.8
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Table 6 (continued)

Density Biomass (mg)
No. of
Date samples Species Mean SE Species Mean SE
Aug 1982 5 grabs Capitella spp. 678.3 123.7 Rhynchocoela spp. 8553.3 1749.8
Parougia caeca 167.4 12.8 Ceriantheopsis americanus 2080.6 903.1
Exogone hebes 79.3 26.7 Capitella spp. 1915.3 356.1
Spiophanes bombyx 44.6 16.0 Spiophanes bombyx 875.7 343.7
Nephtys picta 38.0 17.0 Nephtys picta 533.7 2229
Tharyx acutus 24.4 3.7 Diopatra cuprea 368.0 185.4
Tellina agilis 17.8 5.0 Nassarius trivitlatus 365.6 218.5
Rhynchocoela spp. 13.7 4.6 Glycera dibranchiata 277.5 167.0
Ceriantheopsis americanus 5.1 1.2 Cancer irroratus 188.3 126.0
Amastigos caperatus 3.8 1.7 Tellina agilis 164.1 76.6
Nov 1982 5 grabs Caputella spp. 82.6 44.1 Diopatra cuprea 1597.2  1294.4
Nereis succinea 27.8 235 Pitar morrhuwnus 924.0 924.0
Spro filicornis 23.8 14.0 Spio filicornis 179.0 113.8
Spiophanes bombyx 14.4 6.0 Glycera dibranchiata 168.4 119.0
Pherusa affinis 9.8 3.0 Rhynchocoela spp. 103.6 71.3
Diopatra cuprea 9.0 6.3 Ceriantheopsis americanus 88.4 63.3
Gammarus lawrencianus 8.6 8.6 Capitella spp. 83.0 46.0
Euchone incolor 6.6 6.4 Nereis succinea 80.4 72.3
Tellina agilis 5.6 1.0 Nephtys picta 74.6 27.3
Nephtys picta 5.2 1.2 Cancer irroratus 67.6 67.6
Jul 1983 5 grabs Tellina agilis 160.6 27.0 Nassarius trivitlatus 903.4 463.3
Capitella spp. 34.8 7.7 Ceriantheopsis americanus 678.0 260.7
Nephtyidae spp. 16.4 7.5 Diopatra cuprea 333.4 204.3
Spiophanes bombyx 13.2 3.1 Tellina agilis 2728 72.1
Ensis directus 11.2 4.1 Nephtys picta 164.0 56.3
Nephlys picta 8.4 3.4 Rhynchocoela spp. 134.2 82.0
Tharyx acutus 8.2 3.5 Spiophanes bombyx 54.2 17.6
Ceriantheopsis americanus 7.0 1.6 Glycera dibranchiata 29.0 17.7
Spisula solidissima 6.8 2.4 Ensis directus 22.4 8.1
Cerastoderma pinnulatum 3.8 1.2 Cancer irroratus 21.2 10.3
Nov 1983 5 grabs Nephtys picta 83.4 29.9 Diopatra cuprea 832.2 482.1
Spiophanes bombyx 65.0 19.3 Ceriantheopsis americanus 603.4 294.3
Capitella spp. 33.2 23.3 Nassarius triviltatus 495.0 303.6
Echinarachnius parma 22.8 10.2 Nephtys picta 112.2 62.0
Ampelisca vadorum 18.4 13.1 Spiophanes bombyx 102.6 36.9
Parougia caeca 14.4 4.7 Asabellides oculata 47.4 20.1
Nephtyidae spp. 11.6 11.6 Capitella spp. 19.8 12.7
Asabellides oculata 11.2 4.1 Rhynchocoela spp. 16.0 15.0
Nereis succinea 10.6 3.9 Nereis succinea 13.2 8.8
Tharyx spp. 8.4 2.2 Tellina agilis 12.6 3.4
Aug 1984 5 grabs Spiophanes bombyx 110.8 45.5 Nassarius trivitlatus 604.4 453.6
Tellina agilis 34.8 10.4 Tellina agilis 391.2 145.2
Nephtys picta 24.4 7.6 Spiophanes bombyx 242.2 135.7
Capilella spp. 21.6 20.1 Capitella spp. 181.6 179.9
Tharyx acutus 8.4 4.6 Nephtys picta 119.2 52.3
Exogone hebes 3.4 1.7 Ceriantheopsis americanus 79.8 48.0
Ceriantheopsis americanus 1.8 0.6 Cancer irroratus 54.8 24.7
Nassarius invillatus 1.6 0.9 Ensis directus 19.8 10.5
Ensis divectus 1.6 0.7 Pherusa affinis 15.4 9.4
Cancer irroratus 1.6 0.5 Diopatra cuprea 9.2 9.2
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Table 6 (continued)

. . Density Biomass (mg)
No. of

Date samples Species Mean SE Species Mean SE

Jul 1985 5 grabs Spiophanes bombyy 111.4 46.1 Spicphanes bombyx 1130.0 591 6
Tellina agilis 51.0 10.2 Diopatra cuprea 545.4 458.3
Nephtyidae spp. 29.4 7.5 Nussarius rivittalus 333.0 172.8
Unriola irrorala 23.2 9.6 Nephtys picte 290.6 65.8
Nephtys picta 21.4 5.2 Ceriantheopsis americanus 249.6 115.7
Tharyx spp. 14.8 3.5 Tellina agilis 174.2 60.5
Edotea triloba 12.8 2.3 Lumbrineris acieularuw 130.4 49.6
Cancer irroratus 9.6 34 Cancer irroratus 85.2 31.2
Capiieila spp. 8.2 2.2 Ldotea trilvba 63.0 14.4
Tharyx acvius 7.8 52 Uncwola irrornia 49.8 24.8

Oct 1985 2 grabs Asabellides niulata 71.0 18.0 Nassarus bivillatus 2262.5  1537.5
Tharyx spp. 10.0 7.0 Diopatra cuprea 378.0 235.0
Nephtys picta 9.0 7.0 Pheriisa affinis 295.0 294.0
Nassarius Iriviltatus 7.0 5.0 Cenantheopsis americanus 127.0 127.0
Pherusa affimis 6.5 1.5 Cancer irroretus 105.0 103.0
Spiophanes bombyx 6.0 0.0 Lambrinens acicularum 52.5 52.5
Nereis succinew 5.0 5.0 Nephtys picta 48.0 35.0
Mysella planata 5.0 5.0 Rhynchocoela spp. 40.0 25.0
Exogone hebes 3.0 3.0 Asabellides oculata 14.0 7.0
Diopatra cuprec 3.0 0.0 Nerets succinea 5 8.5



Mean densities and biomasses per 0.1 m with siandard errors and numbers of replicate samples analyzed, for the
numerically dominant species at Station 4 on each sampling date.

Reid et al.: Benthic Macrofauna of the New York Bight, 1979-89

Table 7

Density Liomass {mg)
No. of _ -
Date samples Species Meun SE. Species Mean SE
Dec 1979 5 grabs Amastigos caperatus 772.2 380.8 Tharyx acutus 215.2 132.7
Tharyx acutus 452.6 284.7 Amastigos caperatus 203.6 1331
Spisula solidissima 67.4 10.9 Nephtys picta 169.4 51.3
Nephtyidae spp. 43.6 6.9 Echinarachnius parma 145 4 1437
Tellina agilis 41.2 12.8 Tellina agilis 79.6 35.5
Phoronis architecla 33.€ 21.7 Glycera dibranchiata 43.2 15.6
Spiophanes bombyx 28.6 6.1 Spisula solidissima 38.4 8.6
Nephtys picta 26.8 8.1 Lumbrineris acicularum 32.0 13.3
Glycera spp. (juv.) 13.0 2.2 Rhynchocoela spp. 26.6 7.0
Echinarachnius parma 122 5.9 Magelona riojai 26.0 21.1
Jul 1980 4 grabs Tharyx auutus 776.0 291.5 Cancer borealis 22750.0 22750.0
Nucula proxima 295.0 272.7 Nucula proxima 1635.8  1548.0
Tellina agilis 284.2 94.6 Tellina agilis 1118.5 408.9
Polydvra lign 242.3 161.1 Nephtys incise 664.5 445.7
Amastigos caperalus 159.3 101.1 Phoronss urchitecta 428.8 427.1
Phyllodnce (anatides mucosa 1445 86.0 Cancer irvoratus 412.3 266.0
Phoronis architecta 71.8 69.4 Tharyx aculus 336.3 165.1
Mediomastus ambiseta 46.3 46.3 Lumbrineris acicularum 238.8 88.6
Spiophanes bombyx 27.5 14.5 Rhynchocoela spp. 223.5 128.9
Rhynchocoela spp. 27.3 11.8 Glycera dibranchiata 178.8 118.0
Dec 1980 5 grabs Nephtyidae spp. 34.4 12.0 Ensis directus 506.4 503.4
Tellina agilis 26.4 5.6 Lunatia heros 258.0 258.0
Spiophanes bombyx 24.2 9.8 Tellina agilis 108.2 30.6
Tanaissus Liljeborgi 20.8 12.4 Nephtys bucera 100.4 27.5
Nephtys bucera 14.6 4.0 Sthenelais limicola 64.4 57.4
Rhepoxynius hudsoni 10.2 4.9 Rhynchocoela spp. 32.8 22.7
Fnsis divectus 7.4 1.2 Crangon seplemspinosa 25.8 24.1
Pseudunciola obliquua 7.4 5.3